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© A mechanism for finely moving the head of an 
apparatus for reading and writing information from 
and to a recording disk by the use of a head (4), 
which is disposed at a part of a head actuator (HA) 
for moving the head (4) in a radial direction of the 
recording disk and positioning it to a desired record- 
ing track on the recording disk, and which can move 
the head (4) independent of the motion of this head 
actuator (HA). The mechanism comprises expand- 
able regions (12) arranged apart by a gap (15) 
nearly in symmetry with respect to the centerline of 
the head actuator (HA), expandable members (14) 
fixedly disposed on both or one of the surfaces of 
the expandable regions (12) and expanding or con- 



tracting the regions (12) due to deformation thereof 
when a current is applied thereto, fixed regions each 
disposed at one of the ends of each expandable 
region (12) continuously with the expandable region 
(12), and not displaced due to the expansion of the 
expandable regions (12), movable regions (11) each 
disposed continuously at the other end of each ex- 
pandable region (12) and displaced due to the ex- 
pansion of the expandable region (12), and at least 
one hinge member (13) interposed between the 
movable regions (12) or between the movable re- 
gions (11) and the expandable regions (12), and 
permitting smooth displacement of the movable re- 
gions (11) on the moving plane of the head (4). 
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TECHNOLOGICAL FIELD 

Field of Industrial Utilization 

This invention relates to a mechanism for 
minute movement of a head mechanism and, par- 
ticularly to a head moving mechanism for adjusting 
the position of a head minutely by forcibly displac- 
ing a part of a movable member loading a head for 
scanning a recording disk in a radial direction 
thereof. 

TECHNOLOGICAL BACKGROUND 

Recently, a disk filing device such as a mag- 
netic disk drive used widely as an external storage 
for a computer has been required to have an 
increased storage capacity and a small size. Re- 
flecting this requirement, there is a demand for 
realization of high density recording by narrowing 
the width of recording tracks and the spacing be- 
tween the tracks in the recording disk. To this end, 
it has become critical to improve the recording disk 
and to increase the accuracy of positioning a 
read/write head which moves in the radial direction 
of the recording disk across the recording tracks. 

Figs. 1 and 2 shows an exemplary construction 
of a hard disk drive using conventional magnetic 
disks. The hard disk drive includes a spindle S 
which rotates at a high speed of about 3600 rpm to 
5400 rpm. On this spindle S are mounted a plural- 
ity of magnetic disks D (for example, ten disks) at 
specified intervals. Each magnetic disk D is con- 
structed such that data can be recorded on op- 
posite surfaces thereof. The data is written on and 
read from the magnetic disk D through a magnetic 
head H provided at one or both surfaces of each 
magnetic disk D. The magnetic head H is moved 
over the magnetic disk D by an actuator HA includ- 
ing a magnetic head supporting mechanism ASSY 
and a movable member (an access arm, 
hereinafter referred to merely as an arm) A. There 
are two types of the actuator HA for moving the 
magnetic head H: a linear type and a pivotal type. 
However, the pivotal actuator shown in Figs. 1 and 
2 is used more frequently. 

The pivotal actuator HA is rotatable (pivotal) 
within a specified angle range, and a pivot motor 
SM capable of minutely controlling an angle of 
rotation is used. The pivot motor SM includes a 
stator ST and a rotor R. From the rotor R are 
projecting the arms A the number of which is equal 
to. or less or more than the number of magnetic 
disks D mounted on the spindle S, by one (nine 
arms in the figures). At a leading end of each arm 
A is mounted the magnetic head supporting 
mechanism ASSY including two magnetic heads H 
mounted in such a manner as to be opposed to 



each other with the magnetic disk positioned there- 
between. 

The rotor R of the pivot motor SM is arranged 
in the vicinity of the magnetic disks D as shown in 

5 Fig. 2, such that a movable range a of the mag- 
netic heads H of the magnetic head supporting 
mechanisms ASSY mounted at the leading ends of 
the arms A projecting from the rotor RT coincides 
with recording regions of the magnetic disks D. 

70 In the magnetic head supporting mechanism 

ASSY, the magnetic heads H are mounted to the 
arm A though a plate-like support spring for biasing 
the heads H toward the magnetic disk so as to 
move the heads H closer to the magnetic disk D. 

ts The support spring is very thin, and it is difficult to 
fix this support spring directly to the leading end of 
the arm A. Accordingly, there has been widely 
adopted a construction in which a thin planar cou- 
pling plate is provided between the leading end of 

20 the arm A and a base end of the support spring, 
and the movable member is coupled with the sup- 
port spring through this coupling plate. 

On the other hand, the conventional magnetic 
disk drive adopts a system of carrying out the 

25 positioning of a plurality of heads H on the disk 
generally by means of a single servo positioning 
head (dedicated servo system). According to this 
system, one surface of the magnetic disks is used 
as a servo surface on which servo signals are 

30 recorded, and a head opposed to this servo sur- 
face is used as a servo head. Based on the reading 
result of the servo head, all the arms A are ac- 
tuated by the pivot motor SM and the pairs of 
heads H mounted on these arms A are moved all 

35 together. 

However, this system still requires an improve- 
ment in the recording density and suffers the prob- 
lem that the positions of the respective data heads 
(all the heads excluding the servo positioning head) 

40 are shifted. Specifically, the relative positions of the 
heads are displaced minutely (on the order of 
1u,m) due to the heat generated in the disk drive 
and a change in the ambient temperature, and 
thereby the recording/reproducing heads are posi- 

45 tioned off the signal tracks designated by the servo 
positioning head (thermal off-track). Thus, in the 
worst case, an error occurs in reading and writing 
the signals. This problem may occur when optical 
disk drives start using a plurality of heads in the 

so future. 

As a system to solve the above problem, a 
magnetic disk drive of the sector servo system has 
been proposed and put into practice. According to 
this sector servo system, the servo signals are 
55 recorded on a part of each of the recording sur- 
faces other than the servo surface and are read by 
the data head to thereby correct the displacement 
of the data head in accordance with the read servo 
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signal. 

Hcwever, the conventional magnetic head sup- 
port mechanism ASSY does not include a means 
for moving a plurality of heads individually. Thus, 
the displacement of the data head is obliged to be 
corrected by controlling the power applied to the 
actuator HA. An amount of displacement to be 
corrected is about several urn at this time, and it is 
difficult to move the head by this small amount 
accuracy by controlling the power application. 
Therefore, the conventional magnetic head support- 
ing mechanism could not meet the recent require- 
ments of high density recording. 

Further, in the case where the writing or read- 
ing operation is carried out while switching a plural- 
ity of data heads sequentially in a data region 
allotted by the cylinder, the position of the data 
head needs to be corrected each time the data 
head is switched and a continuous writing or read- 
ing operation cannot be carried out. This necessi- 
tates a waiting time of about 10 to 15 ms neces- 
sary for a turn of the recording disk until the target 
sectc comes again, thereby lowering throughput. 

T" e is also known a mechanism for minute 
move. ;nt of a head in which the arm A is con- 
structed as a pair of arms symmetrical with respect 
to an axis thereof; heating wires are embedded in 
the respective arms; and the arms are expanded 
and contracted individually by applying the power 
to these heating wires to thereby finely adjust the 
positions of the heads mounted at leading ends of 
the arms (USP4,81 4,908). Since the arms are heat- 
ed by the power applied to the heating wires, and 
are elongated by the thermal expansion, this 
mechanism has the critical problem that there ex- 
ists a considerable delay until the heads are ac- 
tually moved after the power application, and ac- 
cording is not practical. 

DISC . SURE OF THE INVENTION 

The present invention is made based on these 
problems residing in the prior art, and an object 
thereof is to provide a mechanism for minute 
movement of a head which is capable of minutely 
changing the position of each data head mounted 
at a loading end of a head supporting mechanism 
with a radial direction of a disk independently of an 
operation of an actuator with a simple construction, 
to thereby very accurately and responsively correct 
the position of the head in response to a thermal 
off-track condition. 

In order to accomplish the above object, the 
invention is directed to a mechanism for minute 
movement of a head provided at a part of a head 
actuator which moves a head for writing and read- 
ing information on and from a recording disk in a 
radial direction of the recording disk so as to posi- 



tion the head at a desired recording track on the 
recording disk, and which is capable of moving the 
head by only a small distance independently of an 
operation of the head actuator. This mechanism for 

5 minute movement of a head is provided with ex- 
pansion regions which are arranged and separated 
in a part of the head actuator, expansion members 
which are fixed on both or either of front and rear 
surfaces of the expansion regions and cause the 

w expansion regions to expand or contract by the 
deformation thereof generated according to appli- 
cation of the power, a fixed region which is pro- 
vided continuously with an end of the expansion 
regions in an expanding direction thereof and is not 

75 displaced according to the expansion or contraction 
of the expansion regions, a movable region which 
is provided continuously with the other end of the 
expansion regions in the expanding direction there- 
of and is displaced according to the expansion or 

20 contraction of the expansion regions, and at least 
one hinge portion which is formed between the 
fixed region and the movable region or between 
the movable region and the expansion regions and 
displaces the movable region smoothly in a moving 

25 plane of the head. 

This mechanism for minute movement of a 
head may include the following additional features: 
the expansion means may be deformed in a direc- 
tion substantially orthogonal to a line segment con- 

30 nected between the lateral end of the expansion 
region at the side of the movable region and the 
hinge portion; a rectilinear distance between the 
lateral end of the expansion region at the side of 
the movable region and the hinge portion may be 

35 set shorter than a rectilinear distance between the 
head and the hinge portion; the fixed region, the 
movable region, and the expansion region may be 
separated from one another by a clearance such as 
an oblong hole open to front and rear surfaces of 

40 these regions; the expansion region may be formed 
by thinning a region between the fixed region and 
the movable region; the expansion means on the 
front and rear surfaces of the expansion region 
may be arranged symmetrically with respect to a 

45 center line in the thickness of the expansion re- 
gions; a pair or a plurality of pairs of expansion 
regions and expansion means may be arranged in 
parallel with a moving direction of the head; the 
pair or the plurality of expansion means may be 

so deformed in opposite directions simultaneously; the 
expansion means may be piezoelectric elements or 
heating wires; and the expansion region may be 
used as a common electrode for the piezoelectric 
elements. 

55 As a result, according to the invention, a rela- 

tively small positional change of the head can be 
corrected even in the presence of the heat gen- 
erated in the disk drive and a change in the am- 
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bient temperature. Accordingly, an error is pre- 
vented from occurring in the writing and reading 
operations. 

[Brief Description of the Drawings] 5 

Fig. 1 is an assembled perspective view show- 
ing a construction of a conventional hard disk 
drive provided with a head moving mechanism; 
Fig. 2 is a plan view of an exemplary hard disk w 
drive of the prior art; 

Fig. 3 is a plan view of a head actuator provided 
with a mechanism for minute movement of a 
head according to the invention; 

Fig. 4A is an exploded perspective view showing ts 
a construction of the head actuator of Fig. 3; 
Fig. 4B is an exploded perspective view show- 
ing an expansion region in Fig. 4A; 
Fig. 5 is an enlarged plan view showing in detail 
an essential construction of the head actuator of 20 
Fig. 3; 

Fig. 6 is an enlarged horizontal sectional view 
taken along the line Ill-Ill in Fig. 5; 
Fig. 7A is an enlarged horizontal sectional view 
taken along the line IV-IV in Fig. 5, showing an 25 
exemplary connection of a piezoelectric ele- 
ments to a power source; 

Fig. 7B is an enlarged horizontal sectional view 
taken along the line IV-IV in Fig. 5, showing 
another exemplary connection of the piezoelec- 30 
trie elements to the power source; 
Fig. 7C is an enlarged horizontal sectional view 
taken along the line IV-IV in Fig. 5, showing an 
exemplary connection of the piezoelectric ele- 
ments to the power source in the case of a 35 
multilayer piezoelectric elements; 
Fig. 7D is an enlarged horizontal sectional view 
showing an arrangement of electrodes of the 
multilayer piezoelectric elements of Fig. 7C; 
Fig. 8 is a simulation diagram, simulated by the 40 
use of a computer, showing a displaced state of 
a coupling plate of Fig. 5; 

Fig. 9 is a model diagram for explaining a dis- 
placement magnification of a head mounted at a 
leading end of a support spring according to the 45 
displacement of the coupling plate; 
Fig. 10 is a plan view of a coupling plate show- 
ing a construction of a second embodiment of 
the invention; 

Fig. 11 is a plan view of a coupling plate show- 50 
ing a construction of a third embodiment of the 
invention; 

Fig. 12 is a simulation diagram, simulated by the 
use of a computer, showing a displaced state of 
the coupling plate of Fig. 11; 55 
Fig. 13 is a plan view showing a modification in 
which a damping members are filled in clear- 
ances defined in the coupling plate of Fig. 1 1 ; 



Fig. 14 is a plan view of a coupling plate show- 
ing a construction of a fourth embodiment of the 
invention; 

Fig. 15A is a plan view of a leading end of a 
head supporting mechanism showing a con- 
struction of a fifth embodiment of the invention; 
Fig. 15B is a side view in section showing the 
head supporting mechanism of Fig. 15A; 
Fig. 15C is a side view in section showing the 
head supporting mechanism of Fig. 15A in 
which damping members are used; 
Fig. 16A is a plan view of a leading end of a 
head supporting mechanism showing a con- 
struction of a sixth embodiment of the invention; 
Fig. 16B is a side view in section showing the 
head supporting mechanism of Fig. 16A; 
Fig. 16C is a side view in section showing the 
head supporting mechanism of Fig. 16A in 
which damping members are used; 
Fig. 17 is a plan view of a leading end of a head 
supporting mechanism showing a construction 
of a seventh embodiment of the invention; 
Fig. 18 is a plan view of a coupling plate show- 
ing a construction of an eighth embodiment of 
the invention; 

Fig. 19 is an enlarged horizontal sectional view 
taken along the line X-X in Fig. 18; 
Fig. 20 is a plan view of a head actuator show- 
ing a construction of a ninth embodiment of the 
invention; 

Fig. 21 A is a plan view of a head actuator 
showing a construction of a tenth embodiment 
of the invention; 

Fig. 21 B is a side view showing an exemplary 
construction of the exemplary head actuator of 
Fig. 21 A; 

Fig. 21 C is a side view showing another con- 
struction of the head actuator of Fig. 21 A; 
Fig. 22A is a plan view showing a modification 
of the head actuator of Fig. 21 A in the case 
where damping members are used in the head 
actuator; 

Fig. 22B is a side view showing an exemplary 
construction of the head actuator of Fig. 22A; 
Fig. 22C is a side view showing another con- 
struction of the head actuator of Fig. 22A; 
Fig. 23A is a plan view of a head actuator 
showing a construction of an eleventh embodi- 
ment of the invention; 

Fig. 23B is a side view showing an exemplary 
construction of the head actuator of Fig. 23A; 
Fig. 24A is a plan view showing a modification 
of the head actuator of Fig. 23 A in the case 
where damping members are used in the head 
actuator; 

Fig. 24B is a side view showing an exemplary 
construction of the head actuator of Fig. 24A; 
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Fig. 25 is a plan view of a head actuator show- 
ing a construction of a twelfth embodiment of 
the invention; 

Fig. 26 is a plan view of a head actuator show- 
ing a construction of a thirteenth embodiment of 
the invention; 

Fig. 27 is a plan view showing a relationship 
between a disk and a head actuator showing a 
construction of a fourteenth embodiment of the 
invention; and 

Fig. 28 is a plan view showing a relationship 
between a disk and a head actuator showing a 
construction of a fifteenth embodiment of the 
invention. 

[Best Modes for Embodying the Invention] 

Hereafter, modes of the invention will be de- 
scribed with respect to respective embodiments 
referring to the accompanying drawings. 

(First embodiment) 

Fig. 3 is a plan view showing a pivotal in-line 
type head actuator HA provided with a mechanism 
for minute movement of a head MT according to 
the invention. In Fig. 3, indicated at 2 is an access 
arm serving as a movable member. The access 
arm 2 extends from one end of a carriage 5 
rotatably mounted on a supporting shaft 6. At the 
other end of the carriage 5 is provided a drive coil 
70 and a magnetic circuit 71 as a drive means 7 
for the carriage 5. The drive means 7 causes the 
movable member 2 to pivot within a specified an- 
gle range about the supporting shaft 6. 

At a leading end of the access arm 2 is moun- 
ted a support spring 3 through a coupling plate 1. 
A head 4 is fixed to a leading end of the support 
spring 3. The head 4 moves over a recording 
surface (not illustrated) of a recording disk in a 
radial direction thereof as the access arm 2 pivots. 
The support spring 3 is a thin plate spring of the 
thickness of about 65 to 85 urn, biases the head 4 
pivotally supported at a leading end thereof toward 
the recording surface by a spring force thereof, and 
holds the head 4 stably above the recording sur- 
face away therefrom by a small distance. A base 
end of the support spring 3 is fixed to the coupling 
plate 1 by means of spot welding. 

On the other hand, the coupling plate 1 has a 
projection 16 for fixation formed at a substantially 
center position thereof, and is a flat stainless plate 
of the thickness of about 200 to 300 urn. Since it is 
difficult to fix the very thin support spring 3 directly 
to the thick access arm 2 as described above, the 
coupling plate 1 has been widely used as a cou- 
pling member for the access arm 2 and the sup- 
port spring 3. 



Fig. 4A shows the pivotal in-line type head 
actuator HA provided with the mechanism for 
minute movement of a head MT according to the 
invention shown in Fig. 3 in an exploded view. A 

5 plurality of carriages 5 are rotatably mounted on 
the supporting shaft 6, and two heads 4 are nor- 
mally mounted on the access arm 2 projecting 
from each carriage 5 through the coupling plates 1 
and the support springs 3. 

w The coupling plate 1 is fixed to the access arm 

2 by fitting the projection 16 formed at a rear 
surface of the coupling plate 1 in a hole 2a defined 
in the access arm 2 and applying adhesive or the 
like to the fitted portion. 

15 On the coupling plate 1 are formed a fixed 

region, a movable region 11, expansion regions 12, 
hinge portions 13, and clearances 15. As shown in 
Fig. 4B, a recessed portion 12a is defined in each 
of front and rear surfaces of the expansion region 

20 12, and has a piezoelectric element 14 which 
serves as an expansion means fixed therein. 

Fig. 5 shows an enlarged portion of the cou- 
pling plate 1 wherein the mechanism for minute 
movement of a head MT shown in Fig. 3 is moun- 

25 ted. Indicated at 2 is an access arm, at 3 a support 
spring, at 10 a fixed region, at 11 a movable 
region, at 12 expansion regions, at 13 hinge por- 
tions, at 14 piezoelectric elements which serve as 
expansion means, at 15 clearances, and at 16 a 

30 projection for fixing the coupling plate to the ac- 
cess arm 2. The fixed region 10 is fixed to the 
leading end of the access arm 2 and the movable 
region 1 1 is fixed to the base of the support spring 

3 respectively, and each expansion region 12 is 
35 provided between the fixed region 10 and movable 

region 11. 

The coupling piate 1 is symmetrical with re- 
spect to a center line CL passing through the 
projection 16. A plurality of narrow clearances 15 

40 open to the front and rear surfaces of the coupling 
plate 1 are also arranged symmetrically with re- 
spect to the center line CL. A first pair of clear- 
ances 15 are arranged in parallel with the expan- 
sion regions 12, and have portions thereof at the 

45 side of the support spring 3 branched into two 
parts. A second pair of clearances 15 are arranged 
on the movable regions 1, and includes a portion 
opposed to the branched parts of the aforemen- 
tioned first pair of clearances and a portion in 

so parallel with a boundary between the coupling plate 
1 and the support spring 3. Two hinge portions 13 
are formed at portions of the coupling plate 1 
where the first and second pairs of clearances 15 
are opposed to each other. The hinge portion 13 is 

55 formed at a portion between the ends of the sec- 
ond pair of clearances 15 which are opposed to 
each other across the center line CL. 
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In this embodiment the fixed region 10 is 
separated from the expansion regions 12 by the 
first pair of clearances 15, and are separated from 
the movable region 1 1 by the second pair of clear- 
ances 15. Four hinge portions 13 are formed sym- 
metrically with respect to the center line CL plus 
another hinge portion 13 located on the center line 
CL. The hinge portion 13 located on the center line 
CL functions as a rotation hinge. The movable 
region 1 1 is rotatable relative to the fixed region 1 0 
about the center hinge portion 13 according to the 
deformation of the center hinge portion 13 occur- 
ring on the surface of the coupling plate 1. The 
other four hinge portions 13 located at opposite 
sides of the center line CL are different from the 
center hinge portion 13 and function to absorb the 
change in the relative positions of the fixed region 

10 and the movable region 11 resulting from the 
rotation of the movable region 11 relative to the 
fixed region 10 by in-plane torsional deformations 
(to be described later) generated in opposite direc- 
tions. 

Fig. 6 is an enlarged horizontal sectional view 
taken along the line Ill-Ill in Fig. 5, and Fig. 7 is an 
enlarged horizontal sectional view taken along the 
line IV-IV in Fig. 5. In these figures, an enlargement 
ratio of a dimension representing the thickness is 
made larger deliberately in order to facilitate the 
understanding of the construction. As shown in 
these figures, the expansion regions 12 are formed 
by making parts of the coupling plate 1 thinner 
than the other parts thereof, i.e., the fixed region 10 
and the movable region 1 1 . The expansion regions 
12 are easily expandable and contractible in the 
plane of the coupling plate 1 when even a small 
external force acts thereon. At the front and rear 
surfaces of the expansion regions 12 are fixed the 
piezoelectric elements 14 which serve as an ex- 
pansion means in such a manner that opposite 
ends of the elements 1 4 are opposed to the bound- 
aries between the fixed region 10 and the expan- 
sion regions 12 and between the movable region 

1 1 and the expansion regions. 

The thickness relationship between the cou- 
pling plate 1 and the piezoelectric elements 14 as 
the expansion means is not limited to the one 
shown in these figures. It is of course possible to 
make the total thickness of the coupling plate 1 
having the piezoelectric elements 14 provided at 
the front and rear surfaces thereof smaller than the 
thickness of the fixed region 10. 

The thin expansion regions 12 may be formed, 
together with the clearances 15, by means of etch- 
ing from the front and rear surfaces of the coupling 
plate 1 or by press working. However, it is not 
necessarily required to make the expansion regions 

12 thin since the coupling plate 1 is itself formed of 
a thin plate member of the thickness of 200 to 300 



urn. 

In this embodiment, there is shown an example 
in which the piezoelectric elements 1 4 are used as 
the expansion means. Any element such as a heat- 

5 ing wire may be used as the expansion means 14 
provided that it is expandable and contractible 
upon the application of power. Although the expan- 
sion means are fixed to the front and rear surfaces 
of each expansion region 12 in such a manner as 

70 to be symmetrical with respect to the center line in 
the thickness direction of the coupling plate 1 in 
this embodiment, the expansion means 14 may be 
fixed to only one surface of each expansion region 
12. Further, a direct adhesion by the bonding, 

75 welding, metalization, sputtering, deposition, or the 
like may be adopted as a method of fixing the 
expansion means 14. 

The piezoelectric element 14 expands and con- 
tracts in a direction normal to a line segment 

20 connecting a lateral edge thereof at the side of the 
movable region 11 and the center hinge portion 13. 
As is clear from Fig. 3, a rectilinear distance R 
between the piezoelectric element 14 and the cen- 
ter hinge portion 13 is set smaller than a rectilinear 

25 distance between the hinge portion 13 and the 
head 4. 

The piezoelectric elements 14 arranged sym- 
metrical with respect to the center line CL are 
preferably deformed in opposite directions simulta- 

30 neously. The piezoelectric elements 14 are po- 
larized in the thickness direction by a voltage which 
produces an electric field in excess of a coercive 
electric field in directions indicated by arrows in- 
Fig. 7A, and are grounded using the coupling plate 

35 1 as a common electrode. When different poten- 
tials are applied to the outer surfaces of the two 
piezoelectric elements 14 from power supplies 8, 
8\ the piezoelectric element 14 having the power 
applied from the power supply 8 expands in the 

40 longitudinal direction due to the electric field acting 
in the direction opposite to the polarizing direction. 
On the contrary, the one having the power applied 
from the power supply 8* contracts in the longitudi- 
nal direction due to the electric field acting in the 

45 same direction as the polarizing direction. At this 
time, the intensity of the electric field acting in the 
direction opposite to the polarizing direction is suf- 
ficiently smaller than that of the coercive electric 
field. 

so Fig. 7B shows a construction when the same 

potential is applied from the power supply 8' to the 
outer surfaces of the two piezoelectric elements 1 4. 
In this case, the piezoelectric elements 14 are 
polarized in the thickness direction by a voltage 

55 which produces an electric field greater than the 
coercive electric field in directions indicated by 
arrows, and are grounded using the coupling plate 
1 as a common electrode similarly to the above 
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case. When the same potential is applied from the 
power supply 8' to the outer surfaces of the two 
piezoelectric elements 14, the piezoelectric ele- 
ment 14 at the left side of this figure expands in 
the longitudinal direction due to the electric field 
acting in the direction opposite to the polarizing 
direction while the one at the right side contracts in 
the longitudinal direction due to the electric field 
acting in the same direction as the polarizing direc- 
tion. Accordingly, this construction operates iden- 
tically to the construction shown in Fig. 7A. 

Although the direct-current power supplies 8, 8' 
are shown in Figs. 7A and 7B in order to explain 
the expansion and contraction principle of the pi- 
ezoelectric elements 14, the voltages are applied 
dynamically through an operational amplifier or the 
like according to the amount of head deviation. 

Fig. 7C shows an example in the case where a 
multilayer piezoelectric element 14' including pi- 
ezoelectric elements 14A, 14B is provided on each 
of the front and rear surfaces of the expansion 
region 12. In this case, a common electrode 14C is 
provided between the piezoelectric elements 14A 
and 14B and is connected to the power supply 8'. 
The outer surfaces of the piezoelectric elements 
14A are connected to the expansion regions 12 to 
be grounded. The multilayer piezoelectric element 
14* may be formed by laminating one over the 
other two (a multiple of) piezoelectric elements 14 
having the thickness thereof reduced to about 50 
urn, or by laminating the piezoelectric elements 14 
one over another within a permissible range of 
dimension leaving the thickness of the elements 14 
as it is. According to the former method, the elec- 
tric field becomes stronger to increase a force to 
generate a displacement, with the result that a 
displacement amount is increased. According to 
the latter method, a cross-section of the element is 
increased to increase the displacement generating 
force, with the result that the displacement amount 
is increased. Thus, in either case, the displacement 
amount per unit voltage can be increased by mak- 
ing the piezoelectric element 14 have multiple lay- 
ers. 

Fig. 7D shows an example of a specific elec- 
trode arrangement in the multilayer piezoelectric 
element 14*. In the multilayer piezoelectric element 
14' of this example, a surface electrode 14D is 
arranged over most of an outer surface of the 
piezoelectric element 14A; an external terminal 14F 
is arranged on the remaining outer surface of the 
piezoelectric element 14A; and an interior electrode 
1 4C is arranged between the piezoelectric element 
14A and 14B. The surface electrode 14D is con- 
nected through a via 14E to the expansion region 
12 to be grounded, whereas the external terminal 
1 4F is connected through the via 4E to the interior 
electrode 14C. Thus, a state where the external 



terminals 14F are connected to the power supply 8' 
is similar to the state shown in Fig. 7C. 

The surface electrode 14D is formed of silver 
paste, silver deposition, silver palladium alloy, or 

5 the like. The interior electrodes 14C and the vias 
14E are formed by calcining powders of silver 
palladium alloy with the piezoelectric element. 
Since a connecting method with the use of the via 
14E is known in the field of multilayer ceramic 

w printed circuit board, no further description will be 
given on this. 

Fig. 8 is a diagram showing a simulation result 
of the operation of a thus constructed mechanism 
for minute movement of a head MT according to 

75 the invention. In this figure, a broken line repre- 
sents a state before the operation while a solid line 
represents a state after the operation. A hatched 
portion substantially at the center represents the 
projection 16 to be fixed to the access arm 2. 

20 As shown in Fig. 8, when the power is applied 

to the respective piezoelectric element 14 fixed on 
the expansion regions 12, the upper located expan- 
sion region 12 expands while the lower located one 
contracts. According to the expansion and contrac- 

25 tion of the expansion regions 12, the movable 
region 11 rotates relative to the fixed region 10 by 
only a small angle e about the center hinge portion 

13 connecting the movable region 11 and the fixed 
region 10. According to this rotation, the head 4 at 

30 the leading end of the support spring 3 fixed to the 
movable region 11 is displaced a specified dis- 
tance from the widthwise center of the access arm 
2 fixed to the fixed region 1 0. 

At this time, the displaced amount of the head 

35 4 is substantially L/R times the displaced amount 
of the piezoelectric element 14 since the rectilinear 
distance R between the lateral edge of the piezo- 
electric element 14 at the side of the movable 
region 11 and the center hinge portion 13 is set 

40 smaller than the rectilinear distance between the 
center hinge portion 13 and the head 4. Accord- 
ingly, the small rotation angle 6 is able to give the 
head 4 a sufficient displacement. 

This can be seen more clearly from a model 

45 diagram shown in Fig. 9. When bars mounted on 
the rotatable shaft 16 and having the lengths of L 
and R (< L) are caused to rotate about the rotat- 
able shaft 16 by the piezoelectric elements 14, a 
moved amount of a leading end of the bar having 

50 the length L is substantially L/R times a moved 
amount of the bar having the length R. In this way, 
the head can be moved accurately within a small 
movable range through the deformation of the pi- 
ezoelectric element 14 which occurs rapidly in re- 

55 sponse to the application of power. 

The deformation of the piezoelectric elements 

14 associated with the power application occurs 
very suddenly and enables the head 4 to be 
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moved accurately within the small movable range. 
In the case where the heating wire is used as the 
expansion means 14 as well, the elongation of the 
heating wire and the expansion region 12 due to 
the thermal expansion is translated into the move- 
ment of the head 4. Since the thermal capacity of 
the heating wire and the expansion region 12 is 
small, a response time can be reduced greatly 
compared to a known construction in which a part 
of the access arm as a movable member is caused 
to expand thermally. 

(Second Embodiment) 

Fig. 10 is a plan view of a coupling plate 1-2 
showing a construction of a second embodiment of 
the invention. The coupling plate 1-2 of the em- 
bodiment shown in Fig. 10 differs from the coupling 
plate 1 of the first embodiment shown in Fig. 5 in 
that the coupling plate 1-2 is quadrilateral unlike 
the hexagonal coupling plate 1 ; that the expansion 
regions 12 are arranged in parallel with the lateral 
sides of the coupling plate 1-2; and that only a pair 
of hinge portions 13 are provided at each of the 
opposite sides of the center line CL and the hinge 
portion 13 located on the center line CL is omitted 
to thereby form a continuously extending clearance 
15. Accordingly, the coupling plate 1-2 of this em- 
bodiment is so constructed that the rotation of the 
movable region 1 1 is absorbed by the torsion gen- 
erated in these planes. 

(Third Embodiment) 

Fig. 11 is a plan view of a coupling plate 1-3 
showing a construction of a third embodiment of 
the invention. The coupling plate 1-3 of the em- 
bodiment shown in Fig. 11 differs from the coupling 
plate 1 of the first embodiment shown in Fig. 5 in 
that a hinge portion which functions as a rotation 
hinge at a widthwise center is formed on the center 
line CL similar to the first embodiment, but a single 
hinge portion 13 is provided at each of the op- 
posite sides of the center line CL. As a result, the 
separated clearances 15 provided at each of the 
opposite sides of the center line CL are integrated 
into a substantially T-shaped clearance, and a 
notch 17 is defined between an outer end of a 
head of the letter T and a corresponding lateral 
side of the coupling plate 1 . 

Fig. 12 is a diagram showing a simulation 
result of the operation of the coupling plate 1-3 
constructed as shown in Fig. 11. In this figure, a 
broken line represents a state before the operation 
while a solid line represents a state after the opera- 
tion. A hatched portion substantially at the center 
represents the projection 16 to be fixed to the 
access arm 2. 



As seen from Fig. 12. the coupling plate 1-3 of 
the embodiment shown in Fig. 11 operates quite 
similar to the one shown in the first embodiment. 
More specifically, when the power is applied to the 

5 respective piezoelectric elements 14 fixed to the 
expansion regions 12, the upper located expansion 
region 12 expands while the lower located one 12 
contracts. According to the expansion and contrac- 
tion of the expansion regions 12, the movable 

70 region 11 rotates relative to the fixed region 11 by 
only a small angle 0 about the center hinge portion 
13 connecting the movable region 11 and the fixed 
region 11. According to this rotation, the head 4 at 
the leading end of the support spring 3 fixed to the 

15 movable region 11 is displaced by a specified 
distance from the widthwise center of the access 
arm 2 fixed to the fixed region 1 0. 

At this time, the displaced amount of the head 
4 is substantially L/R times the displaced amount 

20 of the piezoelectric element 14 since the rectilinear 
distance R between the lateral edge of the piezo- 
electric element 14 at the side of the movable 
region 11 and the center hinge portion 13 is set 
smaller than the rectilinear distance between the 

25 center hinge portion 13 and the head 4. Accord- 
ingly, the small rotation angle 0 is able to give the 
head 4 a sufficient displacement. 

Fig. 13 shows a coupling plate 1-3' in which 
damping members 18 are filled in the clearances 

30 15 of the coupling plate 1-3 shown in Fig. 11. It is 
appreciated that resin or like material is preferably 
used as the damping member 18. If the damping 
members 18 are filled in the clearances 15 which 
separate the fixed, movable, and expansion regions 

35 10, 11, 12 from one another in this manner, the 
relative vibration between the respective regions 
can be reduced. 

Since the damping effect brought about by the 
damping members 18 is higher against the vibra- 
to tions of high frequency, the out-of-plane vibrations 
of the expansion and movable regions 18, 11 can 
be effectively damped without deterring the in- 
plane displacement of the expansion regions 12. 
As a result, an undesirable likelihood that a stable 

45 floating of the head 4 may be hindered due to the 
vibrations can be reduced. 

(Fourth Embodiment) 

so Fig. 14 is a plan view of a coupling plate 1-4 

showing a construction of a fourth embodiment of 
the invention, which is a modification of the cou- 
pling plate 1-3 of the embodiment shown in Fig. 
11. The coupling plate 1-4 of the embodiment 

55 shown in Fig. 14 differs from the coupling plate 1-3 
of the third embodiment shown in Fig. 11 only in 
that the coupling plate 1-4 is quadrilateral unlike 
the hexagonal coupling plate 1-3 and that the ex- 
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pansion regions 12 are arranged in parallel with the 
lateral sides of the coupling plate 1-4. 

(Fifth Embodiment) 

Fig. 15A is a plan view of a leading end portion 
of a head supporting mechanism showing a con- 
struction of a fifth embodiment of the invention. 
Specifically, 15A shows a state where a coupling 
plate 1-5 modified from the coupling plate 1-3 of 
the embodiment shown in Fig. 11 is mounted on an 
access arm 2. Fig. 15B is a side view in section of 
the head supporting mechanism of Fig. 15A. The 
access arm 2 of this embodiment has at each of 
both surfaces thereof a support spring 3 for sup- 
porting a head 4 through the coupling plate 1-5. 
The coupling plate 1-5 of the embodiment shown in 
Fig. 15A differs from the coupling plate 1-3 of the 
third embodiment shown in Fig. 11 in that each 
expansion region 12 arranged on the coupling plate 
extends in the same direction as the corresponding 
arm of the access arm 2 on which the coupling 
plate 1-5 is mounted and therefore each expansion 
region 12 overlaps with the arm. 

If the expansion regions 12 on the coupling 
plate 1-5 overlap with the access arm 2 on which 
the coupling plate 1-5 is mounted in this way, the 
out-of-plane vibrations on the expansion regions 12 
can be reduced. The out-of-plane vibrations can be 
further reduced by providing the damping mem- 
bers 18 between the expansion regions 12 and the 
access arm 2 as shown in Fig. 15C. Moreover, out 
of the values L, R for determining the enlargement 
ratio of displacement L/R, the value R can be made 
smaller. Accordingly, the enlargement ratio of dis- 
placement can be increased by about 50% from 
the aforementioned value of 7 to 8 times to 11 to 
12 times. 

(Sixth Embodiment) 

Fig. 16A is a plan view of a leading end portion 
of a head supporting mechanism showing a con- 
struction of a sixth embodiment of the invention. 
Specifically, Fig. 16A shows a coupling plate 1-6 
which is mounted on the access arm 2 differently 
from the coupling plate 1-5 of the embodiment 
shown in Fig. 15A. Fig. 16B is a side view in 
section of the head supporting mechanism of Fig. 
16A. In the sixth embodiment, the coupling plate 1- 
6 is fixed to the access arm 2 at two points located 
at a rear end portion thereof. This embodiment is 
advantageous in reducing mass and moment of 
inertia of a movable portion of the entire head 
actuator HA since the length of the arm 2 can be 
shortened. Further, the out-of-plane vibrations can 
be reduced by providing a damping member 18 
between the coupling plates 1-6 mounted on the 



front and rear surfaces of the access arm 2 as 
shown in Fig. 16C. As a result, out of the values L, 
R for determining the enlargement ratio of dis- 
placement L/R, the value R can be made smaller in 
5 this embodiment similar to the embodiment shown 
in Figs. 15A to 15C. Accordingly, the enlargement 
ratio of displacement can be increased by about 
50% from the aforementioned value of 7 to 8 times 
to 11 to 12 times. 

w 

(Seventh Embodiment) 

Fig. 17 is a plan view of a leading end portion 
of a head supporting mechanism showing a con- 

;5 struction of a seventh embodiment of the invention. 
Specifically, Fig. 17 shows a state where a cou- 
pling plate 1-7 having an increased enlargement 
ratio of displacement is mounted on the access 
arm 2. In this embodiment, the coupling plate 1-7 

20 is formed into a hexagonal figure symmetrical with 
respect to the center line CL. The hexagonal figure 
includes two parallel sides opposing in the width- 
wise direction, two parallel sides opposing in the 
direction of the center line CL, and two sides 

25 whose width decreases as the side of the access 
arm 2. An entire peripheral portion of the coupling 
plate 1 -7 functions as a movable region 1 1 . Inward 
of the movable region 11 is defined a first clear- 
ance 15 in parallel with the periphery of the plate 

30 1-7. At portions where the first clearance 15 inter- 
sects with the center line 15 first and second hinge 
portions 13, 13* are formed. In an area enclosed by 
the first clearance 15 is defined a V-shaped second 
clearance 15'. In an area located between the first 

35 and second clearances 15, 15' the expansion re- 
gions 12 are formed each provided with a piezo- 
electric element 14. The spacing between the two 
expansion regions 12 is wider at the side of the 
support spring 3 and narrower at the side of the 

40 access arm 2. 

In this embodiment, the expansion means 12 at 
the opposite sides of the center line CL are caused 
to expand opposite in phase to each other as 
indicated by arrows. The expansion of these ex- 

45 pansion regions 12 is combined at the second 
hinge portion 13' and accordingly an enlarged dis- 
placement is generated thereat as indicated by a 
downward facing arrow. The enlargement ratio of 
this displacement is about 4 times. In this embodi- 

50 ment, further, the displacement amount at the sec- 
ond hinge portion 13* is multiplied by L/R when a 
distance between the first and second hinge por- 
tions 13. 13' is R and a distance between the first 
hinge portion 13 and the head 4 is L. Since the 

55 value R is greater in this embodiment than in the 
aforementioned embodiments, a value of the dis- 
placement ratio L/R is not very large, namely about 
2.5 times. 



10 



17 



EP 0 549 814 A1 



18 



However, in this embodiment, the displacement 
amount of the expansion regions 12 is increased 
four times at the second hinge portion 13' as 
described above. Thus, the enlargement ratio of 
the displacement amount of the head 4 in response 
to the displacement of the expansion regions 12 is 
in total 4 x 2.5 times: about 10 times. This is 
greater than the aforementioned enlargement ratio 
of displacement of about 7 times by 30%. In this 
way, in the embodiment shown in Fig. 17, a large 
displacement is obtainable at the head position by 
enlarging the displacement of the piezoelectric ele- 
ments 1 4 at two stages. 

(Eighth Embodiment) 

Fig. 18 is a plan view of a coupling plate 1-8 
showing a construction of an eighth embodiment of 
the invention, and Fig. 19 is an enlarged horizontal 
sectional view taken along the line X-X in Fig. 18. 

The coupling plate 1-8 in the embodiment 
shown in Fig. 18 is designed to increase the en- 
largement ratio of displacement by providing an- 
other pair of expansion regions inward of the ex- 
pansion regions 12 of the coupling plate 1-4 of the 
fourth embodiment shown in Fig. 14. More specifi- 
cally, the expansion regions 12, hinge portions 13, 
piezoelectric elements 14, clearances 15, and 
notches 17 of the coupling plate 1-4 of the fourth 
embodiment are first expansion regions 12a, first 
hinge portions 13a, first piezoelectric elements 14, 
first clearances 15a, and first notches 17a respec- 
tively in the coupling plate 1-8. Further, indicated at 
10 is a fixed region, at 11 a movable region, and at 
16 a projection. 

In the coupling plate 1-8 of this embodiment, 
second clearances 15b are defined inward of and 
in parallel with the first clearances 15a; second 
expansion regions 12b are formed between the 
corresponding first and second clearances 15a, 
15b; and second piezoelectric elements 14 are 
mounted on these second expansion regions 12b. 
An end portion of each second clearance 15b at 
the side of the fixed region 10 is branched into two 
parts. At an edge portion of the fixed region 10 are 
defined second clearances 17b respectively op- 
posed to the corresponding branched parts of the 
second clearances 15b. Second hinge portions 13b 
are formed between the branched parts and the 
corresponding second clearances 17b. 

As described above, the first and second ex- 
pansion regions 12a, 12b are arranged in parallel 
with each other at each of the upper and lower 
sides, and one end of each expansion region 12a is 
connected to the movable region 1 1 while the other 
end thereof is connected to one end of the cor- 
responding second expansion region 12b. The oth- 
er end of this second expansion region 12b is 



connected to the fixed region 10. Accordingly, the 
first and second expansion regions 12a, 12b exist 
between the fixed region 10 and the movable re- 
gion 11 with connected in series in the respective 

5 expanding directions. Thus, in this construction, the 
movable region 11 rotates relative to the fixed 
region 10 by an angle corresponding to a sum of 
the expansion or contraction amounts in both the 
expansion regions 12a and 12b, with the result that 

w even a small degree of expansion or contraction of 
the respective expansion regions 12a, 12b gives 
the head 4 a large displacement. The expansion 
regions 12a, 12b need not necessarily be arranged 
in parallel with each other, but may be arranged 

75 linearly. 

As indicated by arrows in Fig. 19, the first and 
second piezoelectric elements 14a, 14b are ar- 
ranged such that the polarizing directions thereof 
are opposite to each other. Thus, when the same 

20 potential is applied to the first and second piezo- 
electric elements 14a, 14b using the coupling plate 
1-8 as a common ground electrode, the first and 
second piezoelectric elements 14a, 14b are dis- 
placed in a manner similar to the one described in 

25 the first embodiment. In other words, the deforming 
directions of the corresponding first and second 
piezoelectric elements 14a, 14b located at the op- 
posite sides in the thickness direction coincide with 
each other. As a result, the deforming directions of 

30 the corresponding first and second piezoelectric 
elements 14a, 14b at the opposite sides in the 
widthwise direction and of the first and second 
piezoelectric elements 14a, 14b adjacent to each 
other thereat differ from each other. Thus, when the 

35 power is applied to the first and second piezoelec- 
tric elements 14a, 14b from a common drive cir- 
cuit, the movable region 11 is capable of generat- 
ing a displacement corresponding to a sum of the 
expansion or contraction amounts in both the ex- 

40 pansion regions 12a and 12b. 

In the aforementioned first to eighth embodi- 
ments, the mechanism for minute movement of a 
head is formed at the coupling plates 1 to 1-8 for 
coupling the support spring 3 for the head 4 with 

45 the access arm 2. However, the mechanism for 
minute movement of a head may be formed at a 
part of the support spring 3, a part of the access 
arm 2, or a part of the access arm 2 incorporating 
the support spring. These embodiments will be 

so described hereinafter. 

(Ninth Embodiment) 

Fig. 20 is a plan view of a head actuator HA 
55 excluding a stator, showing a construction of a 
ninth embodiment of the invention. In this ninth 
embodiment, a mechanism for minute movement 
of a head MT is formed at a part of a spring 3. The 
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mechanism for minute movement of a head MT 
shown in Fig. 20 is equivalent to the coupling plate 
1-3 of Fig. 11 integrally formed with the support 
spring 3. 

(Tenth Embodiment) 

Fig. 21 is a plan view of a head actuator HA 
excluding a stator, showing a construction of a 
tenth embodiment of the invention. In this tenth 
embodiment, a mechanism for minute movement 
of a head MT is formed at a part of an access arm 
2. The mechanism for minute movement of a head 
MT shown in Fig. 21 is equivalent to the coupling 
plate 1-4 of Fig. 14 integrally formed with the 
access arm 2. 

Fig. 21 B is a side view showing an exemplary 
construction of the head actuator HA of Fig. 21 A. 
Unlike the foregoing embodiments, a single head 4 
is mounted to an access arm 2 through a support 
spring 3. In this example, three recording disks 20 
are provided and six head supporting mechanisms 
are mounted on a rotatable shaft 6 through ring 
spacers 9 above a carriage 5. Each head support- 
ing mechanism includes the access arm 2 with the 
mechanism for minute movement of a head loaded 
thereon, the support spring 3, and the head 4. 
Piezoelectric elements 14 are fixed to the mecha- 
nism for minute movement of a head MT on the 
access arm 2. 

Fig. 21 C is a side view showing another con- 
struction of the head actuator of Fig. 21 A. In this 
example, a head 4 is mounted through a support 
spring 3 to each of front and rear surfaces of a 
leading end portion of the access arm 2 having the 
mechanism for minute movement of a head MT 
formed thereon. 

Fig. 22A shows a modification of the head 
actuator HA of Fig. 21 A. In this modification, a 
damping member 18 is mounted on the head ac- 
tuator HA. A dotted region in Fig. 22A is a location 
where the damping member 18 is mounted. The 
damping member 18 is mounted so as to cover a 
displacement portion of the mechanism for minute 
movement of a head MT of the access arm 2. 

Fig. 22B shows an exemplary construction in 
which the damping members 18 are mounted in 
the head actuator HA of Fig. 22A. The mounting of 
the damping members 18 in the case where two 
heads 4 are mounted on the single access arm 2 
through the support springs 3 was already de- 
scribed with reference to Figs. 15C and 16C. Ac- 
cordingly, a description will be given only of the 
mounting of the damping member with respect to a 
case where the single head 4 is mounted on the 
single access arm 2 through the support spring 3. 
In this example, the damping member 18 is pro- 
vided between the access arms 2 of the head 



supporting mechanisms for accessing adjacently 
arranged recording disks. The head supporting 
mechanisms at the opposite ends of the actuator 
HA include a dummy arm 19 each at an outer side 

5 thereof, and the damping member 18 is provided 
between the dummy arm 19 and the access arm 2. 
Thus, in this example, the out-of-plane vibrations 
can be reduced in the mechanism for minute 
movement of a head MT. 

io Fig. 22C shows another exemplary construction 

in which the damping members 18 are mounted in 
the head actuator HA of Fig. 22A. In this example, 
the ring spacer 9 is not provided at a base portion 
where the access arms 2 of the head supporting 

15 mechanisms for accessing the adjacently located 
recording disks are mounted on the rotatable shaft 
6, and the thickness of the carriages 5 for the 
access arms 2 is set to a large value. In this 
example, the number of ring spacers can be re- 

20 duced. 

(Eleventh Embodiment) 

Fig. 23A is a plan view of a head actuator HA 

25 excluding a stator, showing a construction of an 
eleventh embodiment of the invention. In the elev- 
enth embodiment, a mechanism for minute move- 
ment of a head MT is formed at a part of an 
access arm 2 integrally formed with a support 

30 spring. The mechanism for minute movement of a 
head MT shown in Fig. 23A is equivalent to the 
coupling plate 1-4 of Fig. 14 integrally formed with 
the access arm 2 and the support spring 3. 

Fig. 23B is a side view showing an exemplary 

35 construction of the head actuator HA of Fig. 23A. In 
this example, three recording disks 20 are provided 
and six head supporting mechanisms are mounted 
on a rotatable shaft 6 through ring spacers 9 above 
a carriage 5. Each head supporting mechanism 

40 includes the integral access arm 2 loading the 
mechanism for minute movement of a head MT 
thereon, and a head 4 is mounted at a leading end 
of the access arm 2. Piezoelectric elements 14 are 
fixed to the mechanism for minute movement of a 

45 head MT on the access arm 2. 

Fig. 24A shows a modification of the head 
actuator HA of Fig. 23A. In this modification, a 
damping member 18 is mounted on the head ac- 
tuator HA. A dotted region in Fig. 24A is a location 

50 where the damping member 18 is mounted. The 
damping member 18 is mounted so as to cover a 
displacement portion of the mechanism for minute 
movement of a head MT of the access arm 2. 

Fig. 24B shows an exemplary construction in 

55 which the damping members 18 are mounted in 
the head actuator HA of Fig. 24A. In this example, 
the damping member 18 is provided between the 
access arms 2 of the head supporting mechanisms 

12 



BNSDOCID- <EP 054981 4A1 \ > 



21 



EP0 549 814 A1 



22 



for accessing adjacently arranged recording disks. 
The head supporting mechanisms at the opposite 
ends of the actuator HA include a dummy arm 19 
each at an outer side thereof, and the damping 
member 18 is provided between the dummy arm 
19 and the access arm 2. Thus, in this example, 
the out-of-plane vibrations can be reduced in the 
mechanism for minute movement of a head MT. 

(Twelfth and Thirteenth Embodiments) 

Fig. 25 is a plan view of a head actuator HA 
excluding a stator, showing a construction of a 
twelfth embodiment of the invention, and Fig. 26 is 
a plan view of a head actuator HA excluding a 
stator, showing a construction of a thirteenth em- 
bodiment of the invention. In these embodiments, 
the coupling plate 1 is used as a mechanism for 
minute movement of a head again. In a mechanism 
for minute movement of a head MT shown in Fig. 
25 the coupling plate 1-4' which is obtained by 
omitting the hinge portion 13 located on the center 
fine CL from the coupling plate 1-4 shown in Fig. 
14 to thereby form a continuously extending clear- 
ance 15 is used. In a mechanism for minute move- 
ment of a head MT shown in Fig. 26, expansion 
regions 12 in the coupling plate 1-4' shown in Fig. 
25 are arranged relative to fixed and movable re- 
gions 10, 11 in the opposite direction. 

(Fourteenth and Fifteenth Embodiments) 

In the foregoing embodiments, a description is 
given of the pivotal in-line type head actuator HA. 
However, the mechanism for minute movement of 
a head according to the invention is not limited in 
the application to the pivotal in-line type head ac- 
tuator HA, but may be also applicable to a pivotal 
dog-leg type head actuator HA and a general linear 
head actuator HA. 

Fig. 27 is a plan view showing a relationship 
between a disk and a pivotal dog-leg type head 
actuator HA showing a construction of a fourteenth 
embodiment of the invention. In a mechanism for 
minute movement of a head of this embodiment 
the coupling plate 1-4 described with reference to 
Fig. 14 is used. 

Fig. 28 is a plan view showing a relationship 
between a disk and a general linear head actuator 
HA showing a construction of a fifteenth embodi- 
ment of the invention. In a mechanism for minute 
movement of a head of this embodiment the cou- 
pling plate 1-4 described with reference to Fig. 14 
is used. 



Claims 

1. A mechanism (MT) for minute movement of a 
head for use in a disk drive including at least 

5 one recording disk (20), a head (4) provided 

for each information recording surface of the 
recording disk (20) so as to carry out an in- 
formation reading/writing operation, and a head 
actuator (HA) for moving the head (4) in a 

w radial direction of the recording disk so as to 

position the head (4) at a desired recording 
track on the recording disk, the mechanism 
(MT) for minute movement of a head provided 
at a part of the head actuator (HA) and con- 

75 structed such that the head (4) can be moved 

only a small distance independently of an op- 
eration of the head actuator (HA), comprising: 

at least one expansion region (12) pro- 
vided in a portion of the head actuator (HA) in 

20 such a manner that it can be displaced; 

an expansion member (14) which is fixed 
to both or either one of front and rear surfaces 
of the expansion regions (12) and causes the 
expansion region (12) to expand or contract by 

25 the deformation thereof generated according to 

application of power; 

a fixed region (10) which is provided con- 
tinuously with an end of the expansion region 
(12) in an expanding direction thereof and is 

30 not displaced according to the expansion or 

contraction of the expansion region (12); 

a movable region (11) which is provided 
continuously with the other end of the expan- 
sion region (12) in the expanding direction 

35 thereof and is displaced according to the ex- 

pansion or contraction of the expansion region 
(12); and 

at least one hinge portion (13) which is 
formed between the fixed region (10) and the 
40 movable region (11) or between the movable 

region (11) and the expansion region (12) and 
displaces the movable region (11) smoothly 
within a moving plane of the head (4). 

45 2. A mechanism for minute movement of a head 
according to claim 1 wherein the head actuator 
(HA) includes a support spring (3) for support- 
ing the head (4), an access arm (2), and a 
coupling plate (1) for coupling the support 

so spring (3) with the access arm (2), and wherein 

the mechanism (MT) for minute movement of a 
head is provided on the coupling plate (1). 

3. A mechanism for minute movement of a head 
55 according to claim 1 wherein the head actuator 

(HA) includes a support spring (3) for support- 
ing the head (4) and an access arm (2) having 
the support spring (3) mounted thereon, and 
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wherein the mechanism (MT) for minute move- 
ment of a head is provided on the support 
spring (3). 



5. A mechanism for minute movement of a head 
according to claim 4 wherein two heads (4) are 
mounted on the single access arm (2) with the 
mechanism (MT) for minute movement of a 
head (MT) loaded thereon. 

6. A mechanism for minute movement of a head 
according to claim 1 wherein the head actuator 
(HA) is formed entirely of a thin plate and the 
head (4) is mounted at a leading end thereof. 

7. A mechanism for minute movement of a head 
according to any one of claims 1 to 6 wherein 
the fixed region (10) and the expansion region 
(12) are separated from each other by a clear- 
ance (15) open to the front and rear surface of 
these regions. 

8. A mechanism for minute movement of a head 
according to claim 7 wherein the fixed region 
(10) and the movable region (11) are separated 
from each other by the clearance (15) open to 
the front and rear surfaces of these regions 
except at the hinge portion (13), and wherein 
the movable region (11) and the expansion 
region (12) are connected with each other 
through another hinge portion (13). 

9. A mechanism for minute movement of a head 
according to claim 8 wherein the fixed region 
(10) and the movable region (11) are separated 
from each other by the clearance (15) open to 
the front and rear surfaces of these regions 
except at the hinge portion (13), wherein the 
movable region (11) and the expansion region 
(12) are connected with each other through 
another hinge portion (13), wherein the entirety 
or most of the expansion region (12) is ar- 
ranged so as to overlap with an arm of the 
access arm (2) loading the coupling plate (1) 
thereon. 

10. A mechanism for minute movement of a head 
according to any one of claims 7 to 9 wherein 
a connected portion between the movable re- 



gion (11) and the expansion region (12) is 
connected with the fixed region (10) through 
two hinge portions (13) provided at opposite 
sides of an island portion. 

11. A mechanism for minute movement of a head 
according to claim 10 wherein the movable 
region (1 1 ) and the fixed region (1 0) are sepa- 
rated completely from each other by the clear- 
ance (15) open to the front and rear surfaces 
of these regions. 

12. A mechanism for minute movement of a head 
according to any one of claims 1 to 1 1 wherein 

75 two expansion members (14) are mounted in 

series in the expansion region (12). 

13. A mechanism for minute movement of a head 
according to any one of claims 1 to 12 wherein 

20 a damping member (18) is provided between 

the access arm (2) and the coupling plate (1). 

14. A mechanism for minute movement of a head 
according to any one of claims 1 to 13 wherein 

25 a rectilinear distance between a lateral edge of 

the expansion region (12) at the side of the 
movable region (11) and the hinge portion (13) 
is set shorter than a rectilinear distance be- 
tween the head (4) and the hinge portion (13). 

30 

15. A mechanism for minute movement of a head 
according to any one of claims 1 to 14 wherein 
the expansion region (12) is formed by thin- 
ning a region between the fixed region (10) 

35 and the movable region (1 1 ). 

16. A mechanism for minute movement of a head 
according to any one of claims 1 to 15 wherein 
the expansion members (14) on the front and 

40 rear surfaces of the expansion region (12) are 

arranged symmetrically with respect to a cen- 
ter line of the thickness of the expansion re- 
gion (12). 

45 17. A mechanism for minute movement of a head 
according to any one of claims 7 to 16 wherein 
a damping member (18) is filled in the clear- 
ance (15). 

50 18. A mechanism for minute movement of a head 
according to any one of claims 1 to 17 wherein 
the expansion members (14) are piezoelectric 
elements. 

55 19. A mechanism for minute movement of a head 
according to claim 18 wherein the expansion 
region (12) exists as a common electrode for 
the piezoelectric elements. 



4. A mechanism for minute movement of a head 5 
according to claim 1 wherein the head actuator 
(HA) includes a support spring (3) for support- 
ing the head (4) and an access arm (2) having 
the support spring (3) mounted thereon, and 
wherein the mechanism (MT) for minute move- 10 
ment of a head is provided on the access arm 
(2). 
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20. A mechanism for minute movement of a head 
according to claim 18 or 19 wherein each 
piezoelectric element is a multilayer piezoelec- 
tric element in which a plurality of piezoelectric 
elements are laminated one over another in a 5 
direction normal to a plane where the expan- 
sion region (12) expands and contracts. 



21. A mechanism for minute movement of a head 
according to any one of claims 1 to 17 wherein w 
the expansion members (14) are heating wires. 

22. A mechanism for minute movement of a head 
according to any one of claims 1 to 21 wherein 

the expansion region (12) is arranged such that 75 
the expanding direction thereof is substantially 
orthogonal to a straight line connecting an end 
of the expansion region (12) at the side of the 
movable region (11) and the hinge portion (13). 

20 

23. A mechanism for minute movement of a head 
according to any one of claims 1 to 22 wherein 
at least a pair of expansion regions (12) are 
arranged on opposite sides of the mechanism 
(MT) for minute movement of a head with 25 
respect to a center line (CL) thereof. 

24. A mechanism for minute movement of a head 
according to claim 23 wherein the pair of ex- 
pansion regions (12) are arranged symmetri- 30 
cally with respect to the center line (CL). 

25. A mechanism for minute movement of a head 
according to claim 24 wherein the hinge por- 
tion (13) provided between the clearances (15) 35 
is located on the center line (CL). 

26. A mechanism for minute movement of a head 
according to claim 24 or 25 wherein the expan- 
sion members (14) arranged at the opposite 40 
sides of the center line (CL) are deformable in 
opposite directions simultaneously. 

27. A mechanism for minute movement of a head 
according to claim 1 to 26 wherein the disk as 
drive includes a plurality of head actuators 
(HA). 

28. A mechanism for minute movement of a head 
according to claim 27 wherein a damping 50 
member (18) is provided between two adja- 
cently located mechanisms (MT) for minute 
movement of heads. 
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